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far, CoF o reprosentative nomical
gsobe £y a?evtory Lion nystem and a sepavation thirust
rantzol sysen, oi atiaicvad’e accurvacies, w.1l permit a lander te enter the lars
ST spheza witkin 2 wowwew Yend of ¢ntry anyies, bo & A¢ b degree of probabiliecy,

& s*te ares with high probabilicy. Couversely.

a3d o land on g deaipeated tar:
SRR wae pavigation system raguirements.

vapolstise 3ip usad fe dutews
a ip gn oxtangion snd amgiiiicatien of work dome
11 28 unpublished work done by the writer. Several
sted suil, which distinguish the present materisl

Tae apalysar ur:*entcd herel
previously by Mr. 5. Reshi, as ==
significant feziures ﬂbﬂtld be pol
from Mr. Rechl's:

[

1) qaa?imns for errow coefiicieate ave procemted in greatly eimplified
form, ag a rzsult of use of bus and lander tre: LECtOry parameters.,

2} The Javiwatfon of ecqprasiions fer certalnm errex coefficlonts, based
upon geomitry ronsiderations, is szriai&d

3} Xguations are delireated (inm an cpendix) for vhe dotermination of
lander neminal trajectory parzusiens, such that this trajectory
meets the eﬁgs?xaxtta of beimg in the bus e¢rajcctory plane, futerw
wepting the Maye stmospheve 8% & srueified enixy amgla, and landing
ot ihadeeiganted varget aiu.

4) Maviiicdioz uzcerisiznties are corpuied in 2 bus fvajectory systam,
rathog then sa Zarihesaneaved squatorial system. The travsforma-
vions fo gomvert thggﬁ sreaintion, at gepavetiecn, ¢o lzadey wae

- vertainties s 4n detatl,
_ The =owl rajwetory was seleciad on the bagic of moeting
an Bereh vis wlna ~rmosvheric entry. This mx&jeetoxy iz come :
sidered wup auceh contour, oonsivalred by the rforesiid eriterien,
since the gyol+ o cloelty dpes noen wia%iia‘a“m, charge in this cen-
tauyr,

Boneey-ien? is aralysis, indicate that 8 ianding, suoh that
aiiewa%le ank: warelon ovifaris are 2al, cen be decoaplished
with {uhax ix ~lied fhruel contzol amd navigation aysten tolersnces,

-”oyiaaé that T 38 ove wade on the ovder of mot Iss ¢ham

-
& hoey imtgnwais,




e I%,

s rons iy

nagiie
i

Inoras

for the
an
and

¥ L
X
ghe:
sbion arver
CRpoond
The

feved in
ap effoet

.wm . @
&
# .
mm P } 3 o~ Iosd
i & w u o4 o
yg Jhas [ L 43 P T
a w Y "~ M - e oot .
e U I i 4d &9 g R <
22vR 2 it 5 984 _
A A % o o o B vt td oo+ 5
8 o i 2
B oag 3 ) & % e
R e @ ; . b
ot R Ww « & &m
We £ < & : i :
. DB g gt . i
- i ”ﬁn w o nm - e N o
. 51 ..nu o2} ».\;M N ’ ) *
.n,.ﬂ ra - .
o b o
I 3 4 -
HE o g
EAY i &
o ; ot
iy L.
o
te
o
J..
N -

PETR
WAL <

S

I
o

=

ue 1

Pathes oo
SRR

et}

“

“

- 5



TISN LW UT SUSTRIAGASL SLLAoL
: k7
g
bl B b
I N A A L
o Efww‘ i ».Wmlm #N@
W b
2
L ] \\J.Mz S - g R
o7-01 & 657°C W 0T 304571
31
iy g.,uf. gty :w;w‘ LA kR L% 5T Smr ey
PR3 A s O F PO A A - A PO TR O 4. yw
By - G Di--s -

SO ey ey w ey e o mp
S A 0L R BROTE ST L
4 1
P . e wr g g I e i
st 090 " _,A)w‘m.:- LG R ¥ FAS T A Y 3
S w b

~ UL 48078 o WE R GEEty- IR T SN | IREHER A S
P £ - nﬁv & T .
A A X by
‘w . M ” .w. e .\.
‘gay o Lasss aped ¥ fonex Borvdeoma
fuRPPTITILIV T = 203ax avfuy Buryowxy 43
{EDITEOR 000061 = U P SEIANILIAINUN) FO XJIIVH SOURTIRAC)
“’p\l‘%ﬁ.‘tﬂi
& % .M.MMJ.“M»
-+ [y



[ powinal 2aiTy angle wers sot sesovdng 1iezle change {n entry angle
Al ope Lsf:m the ertry angle would lfe vsivecn 289 =2nd 357 with 99.7% @

s an & 39 value of 5° in 4 &R T is
o= J sud 5"‘(;,»;) = 125.:;; , vhen sn

rainad ss folloun:

On the sther hend, if =o ¢
cermitted, aad sasuming ret g
zllowable navigacion avzor afinci

P 7 e sy

=3 x4 . 3
. X, k] N
N e LA
5’ \ C').;: ;’;:{Z’L:,xﬂf‘ i b

T S
wr

To achicve this, 1 vou ¥ oo 7 {ne meaber of sozplies, or o de-
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The varisuces as well as covariance of (JS“ Jp aod J. 8. dp Jetevmine the shape
sud orisncation of tha suzface dispersise eliipse,

in ovder to pioperly letermize the probabliity of landing any-
vhere within the target sres f{zwd therefove asscue the permigsibility of exesution
islevances and navigarien instrument iswcecuracy) it would be uecessary to imtegrate
the joint probability devsity fumction of ({8, )r aad { f¢, )y over the target arves,
if, hovever, the 3 r.e.s.value of the total compiuents is less than the saallest
dioenzion of the varget ziéa then covizialy che probability 0;5' inmpset will be better
then 59%. The extest ef Pemdivoe PTretwn  ia 2bout 20° x 407, If the exccution
magnizude 1 g-error is 1% of weleeity incresuat snd the execution direction X J~ errors
 {both in-slane and sut-ef-plons) are cech 3P, ¢hza frem Table I1X, the criteriom that
(081~ T =3A4° cannet be mec, if the 14~ , § milliradien pavigaiica Inmstrument
ingccuracy and 8 hour sempling intwyrval e Zepi. The £lloveble instrument insccurecy
is fourd as follows:

{--‘TK ‘l ‘! o I ’3” “,\_:ﬁ:..,,.,.;’w o u_€‘
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\\" (J\‘E’QN \ allewwbile Y ; ¥ <)
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e, 335%

iastrement erver allcunble = 835 = .25 millivadians, 107

Povbling rhe sampling freqwsacy would ;erdi em imetrumeot imocurxy of .35 atlli-
vadiang, 1 07, vhich, i¢ is baileved, s obiainable,

Hasericnl wvalue of wvior pesfficients ave listed in an sppendix, for
coEparative purpnses. :

ilY., NOMBACLATURE

H

e velocity

Aar = veloclty decvanent

- distszoe from caniar of plassh

v suonaly

g(;&?‘
g

- path sugle, meses 4 docornsd foem iees: heriscziel wWion cpusidering
ayperbolis path
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Teolt, Heae, BVE2-004 - Uorojer oader Evror fnalynis”, G. Reehl
BIR 9731833 « "Sepazesicon Velow iy incremsmi Requirexent', M. levinson
PIR 9751 036 - '"Zreliwminavy Dais, Baxih Vigihilicy", K Levinson

Tezh, Momo 97531-126 ~ "Rawth Livnw-of~Sight L:i.mit;atiun“,, M. Levinson

V. ANALYSIS

L. Souxces of Firows

In Fig. 1, urprised quantities represent nominally desived values;

primed quantitizs represent aciual traleciory values, 1t Is azsuued that the
approach guidanes system is such that the proper separation poiat (L.e., separa-
tiom distaree X, } and prepey tuwust sngle i &s commended, for the nomiral separa-
tion weloziiy incremernt A4 2o be impeviad, and for :he vomioslly determined bus
trajectory, so thak lomder espsule eniry will be made a2 the presezibed entry angle

Yo and landiog wiil occer ob & designeted landlug site. Beczuse of noise errors
in the vevigation imsivuamis valck eseablizh the hus trajectovy (end thevefore, the
vequived H and /¢‘} the actual bus trajestewy will 4l :fe?* fron the computed (nominal)
trajectory; ia ether words, there will be upcevtainties {u the position and velocity
of the bus, at sepavetfon. Turihermove, the thrust m@l@ zay deviate from the commaand-
ed valus and the veloeity facromest wili have some crrvor tolerazce sround the design
value, The fovmer type ave tsrawd cavigetlon gxrovs, the latter iype ave termed
axocution ervors, The aet sifset of these wwrors 1s to cause the lander to have aa
ontry avgle devistion and ko wiss the target site.

Addicional sources of avror are the design telersrces im lander We.4 , and
unceriainties in Martian atmosphere parsweters (essentially, densgity st surizce &nd
scale hejght), T&émaffmes ‘#f these oo landling sxiroy axe smad for the sxpected varia-
tion {see refarence mewe 1) avd ave mot nuserieslly assesssd in this memorandum,

S»acification of the hus approach veleeity {V3.. ) epd periapsis distance
{ Ng.p) speeifies the bus in-plone pavsweters { 2,  Rg J. The specification of the
oxientation of the appzvach »iane say, with reopest Lo Mars aquaterial plong and an
iseviial line in this laitipr plane depends upon the congivsints of target site latie-
tade { fy 3, bus approach say smptote asguler coordiveies ¢ $¢, % ), esd lander entry
azgle { % 3. The sepavaciorn velecity incwsaent { 24%) ;rwiml»y vequired, iz 8
function nor only of V. pemd Az but of thrust angle {6 ), svury sagle ( 2 ) and
sspavation distance { b, }. Tha velations reguiraed foz ds:lineatios of nominal com~
ditlone are gives im (hé spperdin {res alge refevencas 2, 3 and &),

Caly the sryur asnelyeis for dzmeplans z.ara(.tmg will ba counsidered in this
rensyandum, Thet is, thu noniwel situsiicm is oms vhers the lsnder trajectory plape
ig s c%mie ant with bus trajeciesy plany ,mf' has no gul~ol-plaps conpocent.

Plare ¥rzor Dosfiicients

W'nr-m

1} Semsitivity of erfyy coniitions to lauder scoditions after sopareiion

It ig danived to fiad the paxilals of eairy eonditiong V 5‘ » Yg » @e‘
with vespect to capsule sepazatien conditiems V., g ® Ye.s @ /l_, s By o From com=
servatioe of snergy and momeciunm comsideratioas,
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(11)

(12)

(13}

(14)

{15}

Differantiation of =g¢'s, 12 thru 15 eud sulsiguent substdtution into eq’'s 9 thru
11 yiaids
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Variatioas in conditions afier vepsration affect not only pesitiom

and veloecity components at antvy, but slsc the time of flight frem sspavratien to

entry. This ia turn has ap sifect on surface dispersion, i.e., the amount by which
the lander misses the desired tsiget site, Kepler's equation i3 writtea

A - - nal—. - r“:’
'mc L«‘""E ’—J’\CYSM !'\ TOs 2 }'\ T‘,‘.-&_:l — Licqm E'E] {20)

where

=L e
]
fa
fosh = = Ay woios MM {22}
LA C'} -
| +.4, Cos Nes
(23)

Differentintion of eq'. 20 vislda, Sor example

'\J R ‘-\ . . \ -~ LN
he T8 2 sinh Foank T, | i
é’/‘?j e
L, U SE T >
4_‘ w——— )7 & C'J 37 " _ 7/ A N
Ve ~ M Cler | e, S (24)

& T o g e,

gif@z‘z;ntiatim af ag'e. 12, 13, 15, 21, 22, %3 @ad subssquent subsritutiom im &eq,
yialds
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sxtent by Vi, For sa assumed atmesphere (demsity-altitude relatfon) and specifiad

w £, A ©f the entyy bedy, Gr.; {88 well a8 1; . , ¢the time of dascent) cam be dzfere
ed by meins of a three-degree of freedom, peint-moss computer progran., Seasitivie

ties to cheonges in & and Ve ezn ther be obiained. From eq. 29
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For powminal inzust sush that A7 =
o -

o8 » N . , .
varn a7 . ar g, .:: ‘”4’ e (‘ 5 N
S 2 L0s S seg 2},; * 510 :i)z

L.

26 a - (65)
iz should

be aeglee ’-:

m r"

{
that affents of A5 an x smd ”c. . are scoond ordey and cam

=5
ig,

FARY
[ L
§ s )
&6

g,

o to swparadtiom of the capsule from Lhe bus, gither sn Eartheobound erx
lgation systen way be used o devsmsing the (bw) trajectery and to pre-
agivien and veloelty comrdinates, in some zosrdinste system, at seps~
tha nomiy fﬁ%y eeineident pleny casa, :vi.-du tiy uazevtainties in position
for bos and isndsr, at sg;me*i::m- tha aoimal

en-boayd -
izt zhe bue
vatiom, Fur
axra &he =m0

imal compcnont of velocity wae
cexsiain 20 th2 seme, Howswer, unceviaismtiss inm 04 @na Ta., 28t be related
to umues in I wmd N, . Diffevant ﬂ,(.,.i at Al aq ‘s, 52 md 35 gives
Py ’b ;.'. . : -
SURIRUVEN ol (R T3
P ',nb,"::’ ; in {66e
0w

673

- (683




=16 =

Por the spicial thrusting case such that 7 =45,

™
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weet T emgpy 28
) /\/;_J | (69}
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P s
Bow, wscume that an oneboard mﬂ.gai:irn syotam unables datermination of bus position
and velncity coordinaien in the o™ .«?? system defined by Ap along
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